Backr, round
This section of the paper defines time-correlated gust loads and the current analysis capabilities in this area.
Time-Correlated Loads
This paper de'ds specifically with time-correlated gust loads and figure I illustrates two types of such loads. 
Mulched Filler Theory ADoroach
The objective of MFT, as originally developed, is the design of an electronic filter such that its response to a known input signal is maximum at a specific time [3, 8] . It found early application to radar considering the "filter" to be a detector that. in response to a known input signal, produces an output signal for further processing [21. In this ease the detector design is the optimum design for maximizing the output signal-to-noise ratio. The matched filter is designed so that the unit impulse response, hy(O, of the output y of the filter is proportional to the known sngnal, shifted and reversed in time,
where K is an arbitrary constant, to is an arbitrary time shift, and x(t) is the known input signal.
As will be shown later, the time shift may be selected through criteria of convenience only and will be the time that the matched filter response is maximum.
In the present application, the filter is considered to be a system whose dynamics are known.
Specifically, the system is characterized by the combination, in series, of the dynamics of atmospheric turbulence and the dynamics of aircraft load response.
Thus by(t) is known. The input signal, x(t), is to be determined from'the impulse response of the system, From equation (In),
x(t)=hy(to-t)/K. ([b)
The simple result of MFT allows direct determination of the input signal, or excitation, that produces a maximum response of the system. The result, as will be shown, is the maximum load response and the critical gust profile.
Unit Impulse
Impulse Response
(In) and (lb) express the fundamental result of Matched Filter Theory and figure 2 illustrates the result: the response of tile system "filter" to a unit impulse is proportional Io the desired input waveform, x(0, when delayed by to and reversed in time.
For convenience and to be consistent with references 3 and 8, the form given by equation (la) will be used in the remainder of the theoretical development of the MFT approach.
It should be pointed out that either form of the the equation will lead to the same final results.
The system response to x(t) may be obtained from the inverse Fourier transform
and Hy(to) and X(co) are the Fourier transforms of hy(t) and x(t).
Hy(o.)), which is the frequency response function of the output y, may be determined from equation (la) as
Thus the response y(t) is .
co (4)
Note that the product X'((o) X(m) is the energy spectrum or power spectral density (PSD), Sxx(to), of x(t), and is an even function of frequency, so
The maximum response occurs when t = to,
It is convenient Io set the term in brackets in equation (Sb) equal to unity, which means that the root-mean-square (RMS) of the excitation waveform, x(t), is unity. That is, 27t "
It can be shown that a necessary result of this assumption is that the arbitrary constant. K, is equal to the RMS of the impulse response, oh_ . The stipulation in equation (6) that the waveform be of unit energy will be used later as a constraint on all excitation waveforms considered and will provide a basis for comparison of their effects.
Finally, substituting for K in equations (5a) and (5b) gives, y<t) -% cos(0)(, -to)) and Ymax= Ytto) = Ohy • (7a) and l[y(0)) is the frequency response function of an aeroe[astic systen) Io turbulence.
With the turbulence "pre-fiher" known, the critical gust profile can be obtained as an intermediate result
and from equations (3) and (13),
The input x(t) is said to be 'qllatched" to y, since x(t) is determined from the impulse response of y , eqt,ation (1), and will l',e referred to as the matched excitation waveform.
Resp_onse to Arbitrary Excitation Waveform -It can be shown that the response y'(t), say, of y to any arbitrary excitation, say x'(t), that satisfies the normalization constraint of equation (6), wilt never exceed the maximum, equation (7b), produced by the matched excitation, x(t). To see this, the Fourier transform of this response may be written
Substituting eqnation (3) for Hy(¢O) and taking the inverse Fourier transform gives y'(t) = -..9"_--Ja" X'(m)X'(m) e io_t-t,,) do).
Applying Schw,"wtz's Inequality to equation (9) gives Both bracketed terms equal unity because of the constraint, equation
(6), imposed on the waveforms. Thus ly'(t)l _ %,.
which states that the magnitude of the response of y to any excitation waveform (suitably normalized to satisfy equation (6)) never exceeds the maximum response to the excitation waveform that is matched to y.
Intermediate
Results -Any given frequency response function can be built up from several separate ones and thus represent the combined effects of several subsystems. In the context of the present paper, a yon Kan'nan turbulence "pre-filter", represented by a transfer function, is implemented ahead of the aircraft response fimction. The turbulence tr:msfer function used in this study is adapted from that obtained from reference 9, 
The product Hy(to) Hz'(Co) is the cross-PSD function. Sy,(¢o), for outputs y and z, thus,
The term in the brackets is the cross-correlation function, Ryz(tto), between outputs y and z {10], so, (12)
Similarly, the response of z to xy(t) would be where
Rj:y(t -to) = _ | flz(m)l ly(o)) e din =l f s.,,o) ¢20)
Note also that these two cross-correlation functions satisfy the relation (where t = t -to ),
Rij('t ) = Rji(-t ) .
Notice that if the response of y (or z) to its own matched excitation, xy(t) (or xz(t) ) were being considered, auto-PSD's (Syy or S,_) and auto-correlation functions (Ryy or R,.z) are involved.
Thus, dynamic responses to vartous matched excitations are proportional to auto-and cross-correlation functions between the outputs. Further, when t = to,
The attto-correlation function is an even function of its time argument, % and its value is maximum at I: = 0 and is equal to the mean square of the PSD, Syy. Thus,
which is the result obtained from the MFT approach, equation (7b).
The duality between MFT and RPT is apparent from comparison of equation (15) 
Thus, RPT, normally employed to determine the statistical properties of random processes, may also be employed to obtain certain deterministic responses provided that they are interpreted as responses to matched excitation waveforms as described by MFT.
In circumstances for which no PSD is available (e.g. maneuvers)
the MFT approach would have to be used. Actual implementation of the two approaches will be discussed presently. An important detail illustrated in this figure is the introduction of the a pre-filter. The effect of the pre-fiher is to provide dynamics of the input disturbance which itself contributes to the shape and magnitude of "matched" excitation waveform.
Al/Rikalion
In this example, the pre-filter is an s-plane approximation of the yon Karman spectrum, but in other applications it could be landing or taxiing disturbance dynamics or possibly "pilot" dynamics for maneuver loads. Figure 4 contains a signal flow diagram with two parts and is analogous to the diagram in figure  3 . This figure illustrates the steps necessary to generate time-correlated gust loads using RPT. Whereas the signals in figure 3 were all in the time domain, all but one of the signals in this figure are in the frequency domain.
RPT Aporoach
From the top half, the "Known Dynamics" box is the same as that in figure 3 . The input to this box is Gaussian white noise and the output includes atria-and the cross-power spectral density fimctions of some aircraft response, with an intermediate output being the van Karman power spectral density function of atmospheric turbulence.
Time-correlated
gust loads are obtained in the bottom half of the figure by taking the inverse Fourier transforms of the auto-and cross-power spectral density functions obtained in the top half.
l't should be mentioned that to obtain precise representations of the time-correlated loads it was necessary to deal numerically with two-sided spectra (that is, with both the positive and negadve frequency components present). The load oulputs are comprised of shear forces, torsion moments, and bending moments at several points along the span of the wing. A detailed description of the dynamic loads model is available from reference 13. Figure 5 shows some of the more important data of the vehicle itself and of the analytical representation of atmospheric turbuleuce.
The structural part of the model was derived from a finite element code and the unsteady aerodynamics (at a Mach number of 0.7) from a doublet lattice code. Besides the two rigid-body modes, eight symmetric flexible modes were retained for this study.
The final dynamics equations (the quadruple equations), constructed with a matrix analysis code, consisted of 97 first order equations, 9 output equations and one input. These final equations contained the dynamics of the structure, the of the unsteady aerodynamics, the loads, and the yon Karman spectrum.
Time-Correlated
Gust Ioad_ Using Matched Filter
Theory Figure 6 gives shows of the time-correlated loads at the wing root and the wing tip stations.
The top two plots on the 
